Untangling the biodegradation of hydrophobic chemicals in OECD and novel tests using a unified modelling approach by Polesel, Fabio et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Jun 17, 2018
Untangling the biodegradation of hydrophobic chemicals in OECD and novel tests
using a unified modelling approach
Polesel, Fabio; Brock, Andreas Libonati; Stibany, Felix; Smith, Kilian; Schäffer, Andreas; Kästner,
Matthias; Trapp, Stefan
Publication date:
2018
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Polesel, F., Brock, A. L., Stibany, F., Smith, K., Schäffer, A., Kästner, M., & Trapp, S. (2018). Untangling the
biodegradation of hydrophobic chemicals in OECD and novel tests using a unified modelling approach. Abstract
from SETAC Europe 28th Annual Meeting, Rome, Italy.
Untangling the biodegradation of hydrophobic chemicals in 
OECD and novel tests using a unified modelling approach 
Fabio Polesel1, Andreas Libonati Brock1, Felix Stibany2, Kilian Smith2, Andreas Schäffer2, 
Matthias Kästner3, Stefan Trapp1 
1
DTU Environment, Technical University of Denmark, Kongens Lyngby, Denmark  
2
Institute for Environmental Research, RWTH Aachen University, Aachen, Germany 
3
UFZ, Helmholtz-Centre for Environmental Research, Department of Environmental Biotechnology, Leipzig, 
Germany 
E-mail contact: fabp@env.dtu.dk    
1. Introduction 
Persistence (P) is one of three criteria (with bioaccumulation and toxicity) currently used to assess the safety 
of commercial chemicals in the EU under the REACH framework. Persistence is evaluated using degradation 
or mineralization tests in environmental media according to existing standardized guidelines (OECD tests 
301, 302, 304, 307, 308, 309). However, the interpretation of test results is often challenging, due to the 
number of simultaneous processes and the complexity of test media. This is especially true for hydrophobic 
organic chemicals (HOCs, logKOW ≥ 4), for which high persistence is explained by low bioavailability in the 
presence of solid matrices or by intrinsic recalcitrance. The use of radiolabeled chemicals has improved the 
understanding of persistence by allowing to close mass balances over the course of tests. In addition, 
mechanistic models can provide deeper insights in experimental results and underlying processes. To date, 
models have been applied only to specific OECD tests [1-2] or have focused on one fate process [3]. The 
core objective of this study was to test the applicability of a unified modelling approach across the spectrum 
of OECD degradation tests and novel experimental tests for HOCs. Through backward prediction of test 
results for 
14
C-labeled HOCs, we aimed at (i) elucidating biodegradation kinetics and improving their 
estimation by using a new method for microbial yield calculation; (ii) determining 
14
C fractions (mineralized, 
incorporated in biomass and non-extractable residue NER) at the end of tests as persistence indicators.  
2. Materials and methods 
The modelling approach refers to the multi-compartment unified model for sorption and biodegradation of 
organic chemicals [4]. Model compartments describe five possible states of radiolabeled C atoms, i.e. (i) 
dissolved, (ii) adsorbed to solids, (iii) sequestered in solids, (iv) mineralized to CO2 and (v) incorporated in 
living or dead biomass. In this context, we predicted mineralization of test substances to CO2, growth of 
degrading organisms and NER formation by using the Microbial Turnover to Biomass growth yield estimation 
[5]. Model predictions were fit to experimental results by manually adjusting the ratio vmax / Ks (describing 
biodegradation kinetics based on Michaelis Menten equation). Unless explicitly measured, model parameters 
were derived from [4]. Experimental datasets, against which the model was calibrated, were derived from 
aerobic mineralization tests for: (i) 
14
C-triclosan in activated sludge [6]; (ii) 
14
C-pentachlorophenol (PCP) in 
activated sludge according to OECD 301 [7]; (iii) 
14
C-propargite in soil according to OECD 307 [1]; (iv) 
14
C-
pyriproxyfen with a single degrader strain (P. putida). In the last case, a novel test setup for HOCs based on 
equilibrium passive dosing was chosen to establish well-defined freely dissolved concentrations, account for 
a high compound turnover and decouple aqueous phase biodegradation from (de)sorption effects. 
3. Results and discussion 
Figure 1a presents model simulations and 
14
C-CO2 measurements for 
14
C-triclosan at three different initial 
concentration levels (top) and 
14
C-PCP (bottom). For triclosan, a good match to measurements was obtained 
for a relatively small range of vmax / Ks values (2-fold variation), indicating the possibility of describing 
biodegradation at different concentrations with a unique parameter set. Screening tests revealed that PCP is 
highly persistent, as no degradation was observed. These results are corroborated by model predictions, 
which also showed no degradation of PCP given that the microbial growth yield was calculated to be 0. 
Close agreement between model simulations and measurements (distribution of applied radioactivity) was 
obtained for propargite in OECD 307 test (Figure 1b). Model predictions were obtained by setting vmax / Ks = 
55 m
3 
g
-1
 d
-1
, indicating fast biodegradation kinetics for this substance. This further supports the hypothesis 
that desorption rate from soil was limiting, leading to the observation of first-order degradation kinetics [1]. 
Figure 1c presents experimental and modelling results for 
14
C-pyriproxyfen in terms of total and labeled 
concentration of degraders, dissolved pyriproxyfen mass and 
14
CO
2
. A close match between measurements 
and predictions was obtained for vmax / Ks = 0.027 m
3 
g
-1
 d
-1
, which in turn indicates intrinsic recalcitrance of 
pyriproxyfen and was further supported by the decreasing cell number of P. Putida over the test.   
0%
20%
40%
60%
80%
100%
0 20 40 60
%
 i
n
it
ia
l 
ra
d
io
a
c
ti
v
it
y
t (d)
CO2
CO2_meas
0%
20%
40%
60%
80%
100%
0 20 40 60 80 100
%
 o
f 
in
it
ia
l 
ra
d
io
a
c
ti
v
it
y
t (d)
Extractable
NER
Extractable_meas
NER_meas
0%
20%
40%
60%
80%
100%
0 20 40 60 80 100
%
 o
f 
in
it
ia
l 
ra
d
io
a
c
ti
v
it
y
t (d)
CO2
X
CO2_meas
0.0E+00
5.0E-03
1.0E-02
1.5E-02
0 20 40 60 80
M
a
s
s
 o
f 
1
4
C
-C
O
2
(g
1
4
C
-C
O
2
)
t (d)
0.0E+00
5.0E-08
1.0E-07
1.5E-07
2.0E-07
2.5E-07
0 20 40 60
M
a
s
s
 1
4
C
-C
O
2
(g
1
4
C
)
t (d)
CO2
X
CO2_meas
0.0E+00
2.0E-07
4.0E-07
6.0E-07
8.0E-07
1.0E-06
0.E+00
1.E+07
2.E+07
3.E+07
0 20 40 60
M
a
s
s
 d
is
s
o
lv
e
d
 (
g
1
4
C
)
B
a
c
te
ri
a
 c
o
n
c
e
n
tr
a
ti
o
n
 (
c
e
lls
/m
L
)
t (d)
X
X_meas
Dissolved mass
Dissolved mass_meas
a) Activated sludge (incl. OECD 301)
Triclosan, Pentachlophenol
b) Soil (OECD 307)
Propargite
c) Pure culture (passive dosing)
Pyriproxyfen
14C-X 14C-X
0.0E+00
2.0E-03
4.0E-03
6.0E-03
8.0E-03
1.0E-02
1.2E-02
0 20 40 60 80
g
1
4
C
-C
O
2
t (d)
20µg/L 2o µg/l meas
20µg/L Series6
20µg/L Series2
 /
1 0 µg/L
0 µg/L
20 µg/L (meas.)
100 µg/L (m as.)
200 µg/L (m as.)
0.0E+00
2.0E-03
4.0E-03
6.0E-03
8.0E-03
1.0E-02
1.2E-02
0 20 40 60 80
g
1
4
C
-C
O
2
t (d)
20µg/L 2o µg/l 
20µg/L Series6
20µg/L Series2
 
Figure 1: Modelling results (lines) and measurements (“meas”, symbols) for HOCs during mineralization tests. (a) Measured 
14
CO2 mass in activated sludge for triclosan and PCP. (b) Distribution of applied radioactivity in (non-)extractable residues, 
14
CO2 and labeled degraders (X) in soil for propargite. Measurements were readjusted to account for >100% recovery at t=0. (c) 
Concentration of (un)labeled degraders (X), mass of dissolved substance and 
14
CO
2
 in single strain test with pyriproxyfen.  
4. Conclusions 
This study presents a first attempt of using a unified modelling approach for predicting biodegradation of 
HOCs in different test types, including several OECD tests. Results showed the potential of using the same 
mechanistic modelling approach for fate assessment across a variety of tests, making it a valuable tool for 
interpretation of degradation and prediction of biogenic NER formation. Ongoing research is focusing on the 
inclusion of transformation product formation in the model and on the determination of (de)sorption limitation 
in the presence of solid matrices. Furthermore, model extension with uncertainty propagation methods is 
envisaged to support regulatory issues in fate and turnover assessment of chemicals within REACH.  
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